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ABSTRACT 
Benthic mobile invertebrates are important components of coral-reef diversity and community structure, 
though, in most cases, their ecological contributions are poorly known.  Baseline information on their diversity, 
prevalence, assemblages, and ecological roles is needed to aid in the conservation of coral-reef habitats.  The 
objectives of this study are to 1) describe diversity and assemblages of epibenthic, mobile invertebrates in shallow-
water coral-reef communities in Florida, 2) evaluate their ecological roles by reviewing published literature on diet, 
and 3) measure the degree of linear dependence between mobile invertebrates and scleractinian corals.  Underwater 
surveys were conducted in the summer of 2013 at 40 sites distributed along the Florida Reef Tract from Broward 
County to the Dry Tortugas.  The presence/absence of all mobile, epibenthic invertebrate fauna observed were 
recorded and identified to the lowest level possible.  The survey data include 618 records of 116 unique taxa, 83 
species, 61 genera, 46 families, 19 orders, seven classes, and four phyla of mobile invertebrates, comprising 
herbivores, detritivores, carnivores, omnivores, and suspension feeders.  These taxa represent 22% of the 
comparable taxa in a historical dataset that spans 60 years, plus an additional 18 taxa.  The survey data also show 
that the percent composition of major phyla is similar to the historical dataset, despite taxonomic bias evident in the 
historical dataset.  During the survey, novel unique taxa were encountered frequently, but were seldom recurrent, 
which highlights their cryptic nature.  While regional patterns were not identified in the study, assemblages of 
dominant taxa were characteristic of reef type: echinoderms were the most diverse on patch reefs and southeast 
Florida reef complexes, mollusks were most diverse on shallow bank reefs, and arthropods were diverse on deep 
bank reefs, Southeast Florida reef complexes, and shallow bank reefs.  Herbivorous mobile invertebrate diversity 
was negatively correlated with scleractinian coral diversity, underlining competition between corals and macroalgae, 
and association of herbivores with macroalgae.  All of these results suggest that reef types are distinct, but 
interrelated communities of fauna having specific habitat requirements and important roles.   This study also 
reinforces the challenges in assessing the diverse and often cryptic mobile invertebrate fauna and emphasizes the 
need for further research and monitoring to detect changes in their communities for the conservation of Florida reef 
systems. 
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INTRODUCTION 
 Since the start of the new millennium, the world population has escalated to more than seven billion (US 
Census Bureau), which is contributing to the unprecedented rate of environmental change occurring on Earth and the 
depletion of natural resources.  Anthropogenic introduction of invasive species, pollutants, siltation, over-harvesting, 
fragmentation of habitats, and climate change are affecting the ocean more rapidly, intensively, and extensively than 
natural effects (Norse 1993; Bridge et al. 2013).  As such, many species face extinction and habitats face 
homogenization.  Opportunities to record biodiversity and assess the functioning of minimally impacted ecosystems 
are rapidly dwindling, so one of the greatest priorities for naturalists is to record as much of the remaining 
biocomplexity of the planet as possible to provide a baseline for future generations.   
Biodiversity is often used as a measure of the health of ecosystems.  A basic assumption is that the more 
diverse an ecosystem, the greater its ability to withstand environmental stress because of its increased stability 
(Doak et al. 1998; Tilman et al. 1998; Wilson 1999; Elmqvist et al. 2003; Worm et al. 2006; Thrush et al. 2008; 
Burman et al. 2012; Post 2013).  The more species present in a community, the higher the functional or niche 
redundancy, and thus the greater stability afforded to a given community.  Greater stability infers resistance to 
collapse, yielding a community “healthy”.  However, this diversity-stability assumption is a theory under substantial 
scrutiny (McCann 2000).  Under the influence of human impacts, some of the most diverse and complex ecosystems 
(e.g., coral reefs and tropical rainforests) are among the most vulnerable to collapse (Knowlton 2001; Hoegh-
Guldberg et al. 2007; Plaisance et al. 2011; Bellard et al. 2012).  Coral reefs are critical marine systems that merit 
the highest priority for protection because of their high diversity and sometimes high endemism.  Recording 
biodiversity is the first step in preserving coral reefs; determining species baselines for each community and region 
are essential for management and conservation efforts. 
 Over the past several decades, significant decline in coral-reef health has been reported worldwide as a 
result of many factors including disease, bleaching, nutrification, sedimentation, decreased water clarity, habitat 
destruction, overexploitation, decreased herbivory, and natural disasters (Weiss and Goddard 1977; Smith et al. 
1981; Hallock et al. 1993; Gardner et al. 2003; many others).  Reef degradation impacts the abundance and diversity 
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of stony corals and the heterogeneous landscape of coral reefs, which directly affects the abundance and diversity of 
the associated biota (Pandolfi et al. 2003; Jones et al. 2004; Graham et al. 2006; Bruno and Selig 2007).  Hermatypic 
corals form the structural framework that provides three-dimensional habitat and niche-specialization opportunities 
for reef associates.  Obligate symbioses and host specificity are also widespread on reefs, supporting higher 
biodiversity than other ecosystems.  Veron (1995) provided a minimum global estimate of 835 species of reef-
building corals, and estimates for the biodiversity of coral reefs overall range from one to nine million (Reaka-Kudla 
et al. 1997; Knowlton 2001; Bouchet 2006; Plaisance et al. 2011).  The anticipated future decline in coral reefs will 
likely have disastrous impacts on the community structure of reef-associated invertebrates. 
 Invertebrates are extraordinarily taxonomically and morphologically diverse.  They serve a wide range of 
functions in ecosystems (e.g., nutrient cycling, detritus removal, and algae consumption) and have pivotal roles in 
the food web as prey items (Ogden and Cobel 1978; Carpenter 1997; Bruno and Selig 2007; Cooper et al. 2009).  
Many invertebrates are also widely utilized by people for pharmaceuticals, food, and ornamental use.  Taxa such as 
polychaetes, crabs, snails, and shrimp can serve as indicators of environmental conditions and community change 
(Clarke 1993; Brown et al. 2004).  The assemblages and ecological roles of macroinvertebrate taxa are often 
reflective of benthic habitat types and/or salinity levels, and may be further influenced by pollution (Diaz and 
Rosenberg 1995; Platell and Potter 1996; Calabretta and Oviatt 2008; Kanaya et al. 2011; Walton et al. 2013).   
Mobile invertebrates clearly influence reef diversity and community structure; most notable are the 
echinoderms, crown-of-thorns starfish Acanthaster plancii and long-spined urchin Diadema antillarum, for 
corallivory and herbivory, respectively (Lessios et al. 1984; Leray et al. 2012).  Both of these keystone species are 
notorious for large variations in their population densities (i.e. “boom-and-bust” cycles), so their ecological 
importance can be obvious (Uthicke et al. 2009).  Other motile invertebrates may have similarly important 
ecological roles on reefs, but not as readily observed or measureable.  The effects of invertebrate herbivores, 
detritivores, carnivores (corallivores/predators), omnivores, and suspension feeders are pervasive, yet so subtle that 
they are difficult to detect and measure (Huston 1985).  However, when organisms are prevented from doing their 
jobs on reefs, their ecological importance can be dramatically apparent, which was the case with the Diadema 
antillarum die-off (i.e. “bust”) on coral reefs in the Caribbean (Lessios et al. 1984; Carpenter 1988; Carpenter 1990; 
Idjadi et al. 2010).  A disease out-break occurred in the early 1980’s, causing mass mortality of the species and 
consequently, an increase in macroalgae cover and decline of coral cover throughout the region.  Therefore, 
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assessing and recognizing the status of motile invertebrates is not only important to the organisms themselves, but 
also crucial in the thorough assessment of coral reef health (Ogden and Cobel 1978; Carpenter 1997; Bruno and 
Selig 2007; Cooper et al. 2009). 
Mobile marine invertebrates are so taxonomically diverse that the ecological details of the majority of 
species are unknown or undocumented, leaving their contributions and responses to change underestimated and 
unrecognized (Hutchings 1986; Crosby and Reese 1996).  Marine invertebrates comprise over 91% of all identified 
animals in the ocean, but they account for less than 6% of the species that have been designated as state or federally 
endangered, threatened, or vulnerable (FWC 2011; Fig. 1).  This disparity most likely results from the combination 
of their high diversity, inconspicuous nature, and ignorance of their conservation needs.  
    
Figure 1. Estimate of marine biodiversity percent composition of A) the major taxa (data from Bouchet 2006), and 
B) the taxa that are federally or state endangered, threatened, or vulnerable (data from FWC 2011). 
 
As with reefs elsewhere, there is very limited information on the dynamics of species assemblages and the 
status of reef associates of the western Atlantic, particularly around Florida (Levy et al. 1996).  The Florida Reef 
Tract encompasses one of the largest and most diverse coral-reef complexes in the region as a consequence of 
oceanographic conditions and geography (Banks et al. 2008; Riegl et al. 2008).  Florida represents a faunal 
transition zone, situated between the waters of the Gulf of Mexico, the Caribbean, and the West Atlantic, where both 
tropical and temperate species occur.  Currents are major drivers of dispersal throughout the area, which promotes 
high diversity (Jaap 1984; Levy et al. 1996). 
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There is a dearth of comprehensive, ecosystem-wide, taxonomic and ecological knowledge on gastropods, 
echinoderms, and even arthropods, some of which are commercially valuable, along the entire Florida Reef Tract.  
Jaap (1984) mentions that there are thousands of invertebrates, including shrimps, crabs, and lobsters, that are part of 
the major reef faunal groups of the Florida Keys, but does not discuss non-coral invertebrates further and instead, 
emphasizes the fishes.  Studies on community structure and diversity tend to exclude the small, cryptic and 
nocturnal invertebrates, which account for the greatest diversity (Levy et al. 1996), and instead focus on the more 
conspicuous and charismatic organisms, like fish, coral, and mammals (Riegl et al. 2008).   
The smaller, cryptic invertebrates are not as easily identifiable and require taxonomic expertise.  A few 
surveys of nearshore habitats along the Florida Reef Tract have been conducted, in which motile invertebrates were 
a section of the survey, but recorded a small fraction of the invertebrates that are actually present in these 
communities, and most of those that were counted were identified to a high taxonomic level, such as order or class 
(Hunt et al. 2005; Tellier et al. 2008).   
Very little information existed on the non-coral invertebrates of strictly hardbottom environments until 
Herrera et al. (2013) associated habitat type with species based on museum-collection records.  However, these 
records are based on specimen collections made by researchers with a specific taxonomic focus and are, therefore, 
taxonomically biased and not a precise reflection of the true diversity in nature.  Also, Herrera et al (2013) produced 
only a species list, unable to explore patterns of diversity and community assemblages because of imprecision or 
incompleteness of the historical locality records.  However, the historical database on which Herrera et al. (2013) 
was based is an extensive baseline resource which can be used to compare with “modern” survey data for detecting 
species that may be declining. 
The present study includes an inventory of the epibenthic mobile invertebrates on coral reefs of the Florida 
Reef Tract, complete with precise locality information, and without a bias for any particular mobile invertebrate 
taxonomic group, so it is much more exhaustive than any survey done previously.  The identifications are also more 
specific than any other survey.  It strictly investigates the hardbottom coral-reef communities, excluding nearshore 
environments, unconsolidated substrates, and seagrass, which provides more informative and precise data on habitat 
requirements of taxa.  Plus, it explores spatial patterns in their diversity on reef types, which, to my knowledge, had 
never been done before.  
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Before the pivotal roles of mobile invertebrate taxa on coral reefs and their conservation status in Florida 
can be discerned, baseline information is needed on diversity, prevalence, species assemblages, and ecologic roles.  
This study aims to document and describe spatial patterns in diversity and assemblages of conspicuous coral reef-
associated mobile invertebrates of the Florida Reef Tract recorded during underwater surveys.  The term “diversity” 
in this study applies to the number of taxa (i.e., taxonomic richness) and does not consider measures of evenness in 
abundance.  Differences in macroinvertebrate assemblages among reef types and regions of the Florida Reef Tract is 
informative for understanding more about dynamics of the only coral-reef system in the continental United States.  
Moreover, by documenting the fauna using underwater surveys, assigning them to feeding guilds, and comparing 
resulting data with historical museum-collection records, knowledge gaps can be identified and future research 
directions can be recommended. 
 
Figure 2. Study area of the Florida Reef Tract with major regions delineated.  Locations of sites marked with 
shapes, corresponding to reef type.  Line surrounding the coastline indicates demarcation of state and federal waters. 
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METHODS 
Study Area 
 This study focuses on a portion of the Florida Reef Tract extending from Broward County to the Dry 
Tortugas, as well as the southeastern Gulf of Mexico, a region locally referred to as the “Back Country” (Fig. 2).  
This broad area is subdivided into four regions: the continental Southeast Florida reef tract, ranging from Broward 
County (N 26.23°) to Biscayne Bay (N 25.57°), the Florida Keys reef tract from Biscayne Bay to the Marquesas, the 
Dry Tortugas, and the “Back Country”, excluding the unconsolidated substrates and seagrass communities of 
Florida Bay.  The reef types considered are characterized as patch/pinnacle reefs, shallow and deep offshore bank 
reefs, the limestone reef complex of the Southeast Florida region (Banks et al. 2008), and the unique reefs of the 
Back Country. 
 
Site Selection 
Forty sites were chosen corresponding to the State of Florida’s Coral Reef Evaluation and Monitoring 
Program (CREMP) and the Southeast Coral Reef Evaluation and Monitoring Program (Ruzicka et al. 2013). These 
sites include 18 offshore bank reefs, 14 patch/pinnacle reefs, six Southeast Florida reef complexes, and two Back 
Country reefs (Fig. 2, Table 1). All regions were represented by the survey sites:  six sites in the Dry Tortugas, 26 
sites in the Florida Keys (ten in the Lower Keys, eight in the Middle Keys, eight in the Upper Keys), six sites in the 
continental Southeast Florida Region (from Broward County south to Dade County), and two sites on the bayside of 
the Florida Keys, to represent both region and reef type throughout the Florida Reef Tract (Fig. 2, Table 1).  The 
sites sampled also represented combinations of different levels of topographic relief: low relief deep and shallow 
spur and groove, high relief deep and shallow spur and groove, deep reef-slope bank reef, shallow reef crest, low-
medium relief patch reefs, and medium-high relief patch reefs.  The patch reef sites in the Dry Tortugas were 
represented by shallow patch reefs and pinnacle patch reefs.  Sites covered the highest level of spatial and 
topographic diversity possible to survey the greatest variety of niches, providing the most thorough assessment of 
  
7 
the fauna possible without altering the substrate.  This strategy is based on the assumption that high heterogeneity 
will yield high numbers of species (Tews et al. 2004).   
 
 
 
Survey Design: 
During the summer of 2013, each site was surveyed for all conspicuous, epibenthic, mobile 
macroinvertebrates; species presence/absence was recorded for each part of the survey.  The taxa considered were 
only those macroscopic (≥10mm) invertebrates that could be counted without manipulating the substrate (i.e., no 
infauna or nocturnal sand dwellers were censused).  All identifications of echinoderms, mobile non-peracerid 
arthropods, gastropods greater than 9 mm from the spire to the tip of the siphonal canal, and conspicuous mobile 
polychaetes were made in situ to the lowest level possible.  Photographs, descriptions of microhabitat and taxon 
behavior, and consultations with taxon experts assisted subsequent identifications that were improved ex situ.  Each 
taxon was assigned to one feeding guild: herbivores, detritivores, carnivores, omnivores, or suspension feeders.  For 
a species to be assigned to a particular guild classification, information from literature searches indicated that the 
majority of the diet consisted of algae matter, detritus, or live/recently dead animals.  Taxa for which such 
information was unavailable were classified as “unknown”. 
Table 1. Reef types, number of sites, and numbers of mobile invertebrate taxa documented at each region 
along the Florida Reef Tract 
Regions 
# of Sites 
(N) Reef types 
# of taxa 
(records) 
# Unique 
Taxa #  Species 
Taxa/Site 
(mean) 
Dry Tortugas 6 
Patch/Pinnacle 
80 37 32 13.3 
Deep Bank 
Lower Florida Keys 10 
Patch 
173 72 50 17.3 Shallow Bank 
Deep Bank 
Middle Florida Keys 8 
Patch 
122 56 40 15.3 Shallow Bank 
Deep Bank 
Upper Florida Keys 8 
Patch 
118 66 46 14.8 Shallow Bank 
Deep Bank 
Southeast Florida 6 Reef complex 107 50 39 17.8 
Back Country 2 
Back Country 
Patch 
18 15 15 9.0 
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Each survey was comprised of two parts.  At each site, 1) a timed-search of conspicuous benthic 
macroinvertebrates was executed for 30-minutes by a roving diver (Schmitt and Sullivan 1996; Schmitt et al. 2002), 
and then 2) a belt transect of ½ m x 22 m was searched for an additional 30 minutes to record those invertebrates 
that are smaller and more cryptic.  Only presence/absence data of each unique taxon per site were recorded because 
abundance values of cryptic organisms can produce error based on quantitative uncertainty.  While some species 
may appear to be low in abundance, they may actually just be concealed in the reef framework, so enumerations 
could be underestimates.  At the other extreme, a few species can be present in such high numbers that estimating 
abundance would be imprecise and time consuming.  Taxonomic richness regardless of evenness is important 
because rare and/or cryptic species have effects on the community structure that can be just as profound and 
pervasive as common or conspicuous species, just not as readily observed.   
The classification of “unique taxa” in this study refers not only to organisms identified to the species level, 
but also to species-complexes, such as Alpheus armatus complex, and distinct organisms that could only be 
identified to a high taxonomic level.  The identifications made in this study were in situ, so high confidence of 
identifications to species level was not always possible and a higher level identification was assigned in those 
circumstances.   
 
Data Analysis 
Statistical analyses were conducted to 1) compare differences in the diversity of mobile epibenthic 
macroinvertebrates among phyla and feeding guilds, by regions and by reef types; 2) assess the frequency of 
occurrence of unique taxa; 3) investigate details of community structure and assemblages, and 4) evaluate the 
relationship between mobile invertebrate diversity and scleractinian coral diversity.  Differences in diversity 
(taxonomic richness) across regions and reef types, and differences in frequency were illustrated visually using 
accumulation curves and charts with standard deviations, and were examined statistically using Analysis of Variance 
(One-Way ANOVA) and post-hoc Kramer-Tukey multiple comparison tests, in which the level of significance was 
α = 0.05.  In one case, the data were not distributed as normally as others, so results from Kruskal-Wallis non-
parametric ANOVA were compared to the results from parametric ANOVA, revealing additional significant 
differences.  Given the robustness of the data, there is a higher probability of accepting a null hypothesis that is false 
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with non-parametric testing than with parametric testing (Type II error), so the more conservative results are 
presented. 
The assessment of species (or taxon) accumulation curves is necessary to determine whether a sufficient 
number of sites were sampled to accurately represent the taxonomic richness in each area (Longino and Colwell 
1997; Ugland et al. 2003; Crame 2004).  The number of taxa was plotted as a function of the number of sites, then 
logarithmic curves were fitted to the data.  These accumulation curves were created for all taxa recorded within the 
study region for comparing diversity of 1) different taxonomic hierarchical levels, 2) each mobile invertebrate 
phylum, 3) the major reef types (bank reefs vs. patch reefs), 4) all reef types, and 5) regions.   
Differences in assemblage structure across spatial gradients were explored using non-parametric, 
multivariate analyses with the aid of Primer v6 (PRIMER-E).  As the data were already in presence/absence format, 
additional transformations were not performed.  Presence/absence format distributes a priori equal weight to all 
species, whether rare or abundant, and allows for more realistic assessment of rarely encountered mobile 
invertebrates that may be cryptic and/or nocturnal.  A Multidimensional Scaling (MDS) analysis was performed 
based on Bray-Curtis similarity matrices to analyze the degree of habitat and regional distinctiveness; this analysis 
illustrates natural groupings.  Distances between each of the survey events (i.e., data points) represent a measure of 
dissimilarity of community structure in terms of taxa present.  Similarity percentages (SIMPER) analyses allowed 
for the identification of species contributing to site clustering (Clarke and Warwick 2001) by presenting average 
dissimilarity percentages for comparisons of sampling events, and then percent contribution by taxa to that average 
dissimilarity percentage.  This analysis was executed for all taxa within all regions along the Florida Reef Tract.  A 
Pearson product-moment correlation coefficient was calculated to measure the relationship between scleractinian 
diversity (gleaned from the CREMP database) and mobile invertebrate diversity of all taxa pooled, divided by 
phylum, and by guild. 
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RESULTS 
Diversity 
A total of 618 presence records were logged, encompassing 116 unique taxa, 83 species, 61 genera, 46 
families, 19 orders, seven classes, and four phyla of mobile invertebrates over the 40 sites (40 transects + 40 roving-
diver surveys) surveyed along the Florida Reef Tract (Table 1, Table A1).  The richness of invertebrates varied 
predictably by phylogenetic level (Fig. 3).  The cumulative number of taxa was greatest at the lowest level of the 
taxonomic hierarchy and decreased with an increase in the taxonomic level being considered.  The curve 
representing Order-level diversity most closely approached an asymptote and, therefore, most closely represents the 
true total number of orders (19) found along the Florida Reef Tract.  The curve representing the Unique Taxon level 
of diversity demonstrated the highest rate of increase, and therefore represents the least exhaustively sampled 
taxonomic level of the hierarchy, indicating that more sampling is required to assess the “true” diversity of unique 
taxa.  On average, more than one new unique taxon was found per site, even after 30 sampling sites. 
 
Figure 3. Accumulation curves of the increase of taxa as additional sites are surveyed, grouped by phylogenetic 
level.  All reef types, regions, and phyla pooled; curves are fitted using logarithmic trendlines. 
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The cumulative taxonomic diversity of all mobile invertebrates along the Florida Reef Tract varied by 
phylum (Fig. 4).  The Arthropoda was the most diverse (49 unique taxa identified over 40 sites), followed by the 
Mollusca (38 unique taxa), the Echinodermata (26 unique taxa), and then the Annelida.  Only three unique taxa of 
mobile polychaetous annelids were observed, so annelids were excluded from further analyses.  The pooled number 
of unique taxa were not significantly different by reef type, though more taxa were found on bank reefs than on 
patch reefs (Fig. 5, 6).  Data from more sites (i.e., larger N) might reveal that these differences between reef types 
can be significant.  Similarly, total numbers of taxa did not differ significantly across regions, despite somewhat 
more taxa found in the Lower Keys and Southeast Florida region (Fig. 7).   
 
 
Figure 4. Accumulation curves of the increase of unique taxa as additional sites are surveyed, grouped by phylum.  
All reef types and regions pooled; curves are fitted using logarithmic trendlines. 
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Figure 5. Accumulation curves of the increase of unique taxa as additional sites are surveyed, grouped by major reef 
type.  All regions and phyla pooled; curves are fitted using logarithmic trendlines (means not significantly different, 
p > 0.05). 
 
 
Figure 6. Accumulation curves of the increase of unique taxa as additional sites are surveyed, grouped by reef type.  
All regions and phyla pooled; curves are fitted using logarithmic trendlines (means not significantly different, p > 
0.05). 
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Figure 7. Accumulation curves of the increase of unique taxa as additional sites are surveyed, grouped by region.  
Reef types and phyla pooled; curves are fitted using logarithmic trendlines (means not significantly different, p > 
0.05). 
 
When the data were examined by phylum, the taxonomic richness varied significantly by reef type (One-Way 
ANOVA, p < 0.05, Fig. 8).  Echinoderms were more diverse in patch reefs and on reef complexes compared to 
shallow bank, deep bank reefs, and Back Country reefs.  Mollusks were significantly more diverse in shallow bank 
reefs compared to all other reef types.  Arthropods were equally rich across deep bank reefs, reef complexes, and 
shallow bank reefs, which were all more diverse than patch reefs, and Back Country reefs.  Taxonomic diversity 
varied somewhat by region, but was not significantly different based on the fairly limited number of sites sampled in 
each region (Fig. 9). 
There was no correlation between mobile invertebrate diversity and scleractinian coral diversity by taxon 
(Fig. 10), but there was a significant negative correlation between herbivorous mobile invertebrate diversity and 
scleractinian diversity (Fig. 11). 
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Figure 8. Mean diversity of mobile invertebrates by phylum across reef types of the Florida Reef Tract.  Different 
symbols represent the significantly highest mean diversity for echinoderms (star), arthropods (triangle), and 
mollusks (X); One-Way ANOVA with post-hoc Kramer Tukey multiple comparison tests (p < 0.05, α = 0.05). 
 
 
Figure 9. Mean diversity of mobile invertebrates by phylum across regions of the Florida Reef Tract.  No significant 
differences were revealed by phyla; One-Way ANOVA (p > 0.05). 
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Figure 10. No significant correlation between scleractinian diversity and mobile invertebrate diversity, with all taxa 
pooled.  Plots fitted with a linear trendline (Pearson product-moment correlation (r) = 0.05, p = 0.79). 
 
 
Figure 11. Significant negative correlation between scleractinian diversity and herbivorous mobile invertebrate 
diversity.  Plots fitted with a linear trendline (Pearson product-moment correlation (r) = -0.44, p = 0.01). 
 
Community Structure 
The taxa encountered most frequently across the survey region were the arthropods: red reef hermit 
Paguristes cadenati, hermit crab Paguristes tortugae, snapping shrimp Alpheus armatus species complex, and 
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yellowline arrow crab Stenorhynchus seticornis.  Other common taxa included the echinoderms: Diadema 
antillarum and slate-pencil urchin Eucidaris tribuloides.  Of the total 116 taxa identified, six taxa were recorded at 
the majority of the sites (50%-75% of sites), while 43 taxa were encountered only once.  The vast majority of unique 
taxa (85, or 73%) were observed only between one and five times throughout the survey, which suggests that most 
mobile invertebrate taxa are infrequently encountered along the Florida Reef Tract (i.e. are rare or cryptic, Fig. 12).  
Only two taxa were found more than 25 times – the arthropods, Alpheus armatus and Paguristes cadenati. 
 
Figure 12. The number of unique taxa as a function of the frequency at which they were observed throughout the 
study.  Novel Unique Taxa were encountered frequently, but seldom recurrent. 
 
At the majority of sites, between six and eight arthropod taxa, between three and five echinoderm taxa, and 
no more than two mollusks were recorded (Fig. 13).  The median number of arthropod taxa encountered was eight 
per site, with a maximum of 13 encountered at one deep bank reef in the lower keys.  The median numbers of 
unique molluscan and echinoderm taxa per site were three.  Unique taxonomic richness overall was highest within 
the Southeast Florida reef complex, where more than 20 unique taxa were recorded at two different sites.  Twenty-
two species were encountered at a shallow bank reef in the middle keys, making it the most diverse site.  The fewest 
taxa were recorded at one site in the Dry Tortugas (5 taxa) and one site in the Back Country (6 taxa).  
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Figure 13. The frequency of occurrence (sites) as a function of the number of unique taxa, grouped by phylum.  A 
frequency table grouping the number of unique taxa observed into bins. 
 
Theree species, Paguristes tortugae, stocky cerith Cerithium litteratum, and chestnut nassa Leucozonia 
nassa, were encountered within every region and in every reef type that was surveyed, and therefore, were the most 
ubiquitous taxa.  The reef urchin Echinometra viridis was found in every region and every reef type, except for 
shallow bank reefs.  White speckled hermit Paguristes grayi was observed in every reef type and every region 
except for the Dry Tortugas.  Alpheus armatus complex, Paguristes cadenati, Stenorhychus seticornis, Pederson 
cleaner shrimp Ancylomenes pedersoni, Caribbean spiny lobster Panulirus argus, banded coral shrimp Stenopus 
hispidus, red mysid shrimp Heteromysis actinae, mantis shrimp Stomatopoda, Eucidaris tribuloides, and Diadema 
antillarum were found in every reef type and in all regions except for the Back Country. At the other extreme, a few 
taxa were observed at only one reef type or one region.  For example, blue-eye hermit Paguristes sericeus, giant 
hermit Petrochirus diogenes, purple urchin Arbacia punctulata, variegated urchin Lytechinus variegatus, and milk 
conch Lobatus costatus were observed only in the Back Country.  The sea cucumber Ocnus sp., Olga’s sea goddess 
Felimare olgae, purple-crowned sea goddess Felimare kempfi, and lined brittle star Ophiothrix lineata were only 
recorded from the Southeast Florida reef complex. 
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An MDS plot was created to illustrate assemblages by reef types, but the stress value was not strong (0.26, 
Fig. 14).  The assemblage from the Back Country was most distinct.  Patch reef assemblages were distinct from 
those of shallow bank reefs, while deep bank reef and South Florida reef complex assemblages were essentially 
indistinguishable and fell between the patch and shallow-bank reef assemblages.  The assemblage at the pinnacle 
patch reef site, called “Davis Rock”, was dissimilar to other patch reef sites (Fig. 14).  The mobile invertebrates 
most responsible for the site clustering and community structure were detected by SIMPER analysis and fall into the 
following feeding guild types: herbivores, detritivores, carnivores, omnivores, and suspension feeders, based on 
literature review (Table 2, Table A3 – A7).  Many taxa have a combination of different ecological roles, such as 
Arbacia punctulata, which is herbivorous, but also known to prey on animals (Cobb and Lawrence 2005). 
 
Figure 14. Multidimensional Scaling (MDS) plot showing community structure of all mobile invertebrates by reef 
type; assemblages encircled.  Patch reef, “Davis Rock,” encircled in red, is dissimilar from other patch reefs.  Higher 
diversity sites cluster towards the center. 
 
The guilds represented by the species assemblage for each reef type were compared (Fig. 15). Carnivores 
significantly dominated shallow bank reefs (One-Way ANOVA, p < 0.05) compared with other reef types, though 
members of this guild were relatively common on all reef types except the Back Country reefs.  Similarly, 
detritivores significantly dominated on the deep bank reefs (One-Way ANOVA, p < 0.05), and were relatively 
common on all reef types except the Back Country reefs.  Herbivores were most speciose on Back Country reefs and 
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Southeast reef complexes, and were common on all the reef types, though the means were not significant.  When 
guilds were examined by region of the Florida Reef Tract, no significant differences were found (Fig. 16). 
 
Table 2. Three dominant taxa responsible for assemblages on each reef type, their higher classification, the 
percentage they contribute to the assemblage, and their feeding guild (+: also feeds on algae) 
Taxon Phyluma Classb Orderc Family Reef typed % Contrib. Guilde 
Paguristes cadenati Arthrop. Malacost. Decapoda Diogenidae SB 16 Omniv. 
Vasula deltoidea Mollusca Gastropoda Neogast. Muricidae SB 12 Carniv.+ 
Alpheus armatus 
complex Arthrop. Malacost. Decapoda Alpheidae SB 10 Detrit. 
Stenorhynchus 
seticornis Arthrop. Malacost. Decapoda Inachidae P 13 Detrit. 
Alpheus armatus 
complex Arthrop. Malacost. Decapoda Alpheidae P 12 Detrit. 
Paguristes tortugae Arthrop. Malacost. Decapoda Diogenidae P 11 Omniv. 
Arbacia punctulata Echinod. Echinoidea Arbacioid. Arbaciidae BC 33 Herbiv. 
Leucozonia nassa Mollusca Gastropoda Neogast. Fasciolariidae BC 33 Carniv. 
Paguristes tortugae Arthrop. Malacost. Decapoda Diogenidae BC 33 Omniv. 
Paguristes cadenati Arthrop. Malacost. Decapoda Diogenidae DB 14 Omniv. 
Paguristes grayi Arthrop. Malacost. Decapoda Diogenidae DB 10 Unknwn 
Stenopus hispidus Arthrop. Malacost. Decapoda Stenopodidae DB 10 Detrit. 
Phimochirus holthuisi Arthrop. Malacost. Decapoda Paguridae RC 10 Herbiv. 
Stomatopoda Arthrop. Malacost. Stomatop. ----------------- RC 10 Carniv. 
Diadema antillarum Echinod. Echinoidea Diademat. Diadematidae RC 10 Herbiv. 
aArthrop. = Arthropoda, Echinod. = Echinodermata; bMalacost. = Malacostraca; cNeogast. = Neogastropoda, 
Stomatop. = Stomatopoda, Diademat. = Diadematoida; d BC = Back Country Reef; RC = Southeast Florida Reef 
Complex, P = Patch/Pinnacle Reef, SB = Shallow Bank Reef, DB = Deep Bank Reef; eOmniv = Omnivore, Carniv. = 
Carnivore, Detrit. = Detritivore, Herbiv. = Herbivore. 
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Figure 15. Mean diversity of mobile invertebrates by feeding guild within reef types of the Florida Reef Tract.  
Symbols represent significantly different means of guilds within each reef type; One-Way ANOVA with post-hoc 
Tukey multiple comparison tests (p < 0.05, α = 0.05). 
 
 
Figure 16. Mean diversity of mobile invertebrates by feeding guild across regions and within regions of the Florida 
Reef Tract.  No significant differences were revealed by guild; One-Way ANOVA (p > 0.05). 
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DISCUSSION 
Patterns of Diversity 
This study found distinct differences in taxonomic diversity of mobile invertebrates by reef type (Figs. 5, 6, 
8, 14, 15) even though regional trends are minimal for Florida reefs (Figs. 7, 9, 16).  Each reef type was associated 
with a set of species that contributed to its community assemblage, indicating that reef types are distinct, but 
interrelated communities.  These differences between communities are, in part, a result of the different habitat 
requirements of each species - their adaptation and association with the substrate and other organisms.  Each reef 
type has different substrata and topographic relief and, therefore, different resource availability, such as habitat 
refuges and food sources.  These factors contribute to the unique array of niches on each reef type and are exploited 
by a specific faunal assemblage. 
Each reef type is also characterized by somewhat different environmental conditions.  Patch reefs were less 
diverse than other reef types for all invertebrate phyla, except echinoderms.  Patch reefs are closer in proximity to 
shore than bank reefs and, thus, experience more turbulent, harsh conditions and more nutrient availability, both of 
which tend to limit diversity.  They are more inclined to endure extreme and frequent sea-surface temperature and 
salinity variability, and frequent or intense sediment and nutrient pulses from storm events and terrestrial 
development (Dahlgren 1999; Burke and Maidens 2004).  The conditions provided by patch reefs are not as 
consistent as offshore reef systems, but may contribute to a more flexible and/or resilient community assemblage 
(Semon 2007).  Patch reefs support rich benthic-invertebrate assemblages and serve as important nurseries for 
organisms that later settle in offshore bank reefs.  A higher number of echinoderm unique taxa were found in patch 
reefs than bank reefs and Back Country reefs, regardless of life stage, indicating suitable conditions for their long-
term persistence (Fig. 8).  Many motile organisms can simply emigrate from the area if conditions are poor, but the 
lower-mobility benthic invertebrates, such as echinoderms, cannot relocate as easily and must either endure the 
environmental fluctuations by adapting or reducing abundance, or perish (Semon 2007).  The three dominant species 
contributing most to the assemblage patterns on patch reefs are Stenorhynchus seticornis, Alpheus armatus complex, 
and Paguristes tortugae, which have ecological roles as omnivores and detritivores, which also feed on algae (Table 
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2, Table A4).  Only well adapted species can efficiently exploit the available resources and live in this fluctuating 
habitat (Abele 1974; Garcia-Raso 1988).  The dominant species making up the assemblages are morphologically 
specialized to aspects of their substrata, such as Alpheus armatus complex, which is an obligate symbiont of the 
corkscrew anemone Bartholomea annulata (Knowlton and Keller 1982; Briones-Fourzán et al. 2012). 
Arthropods were significantly more diverse across deep bank reefs, reef complexes, and shallow bank reefs 
than on patch reefs and Back Country reefs (Fig. 8).  Arthropods are the most motile of the phyla, so they may reside 
in reef types that offer the most amenable conditions because they have the ability to select habitats.  Moreover, the 
predominant feeding guild on deep bank reefs were detritivores, which included many of the arthropods (Fig. 15).  
The relatively consistent temperature and salinity, greater depths with reduced solar and wave energy, finer 
sediments with more detritus, and less macroalgae provide a diversity of niches for detritivores and carnivores.  
Porter (1972) found an increase in decapod arthropod diversity with depth (surface to 5-25 m) in the coral reefs of 
Atlantic Panama, consistent with this study.  Still, arthropods were more diverse and ubiquitous than the other phyla, 
even within the shallow reef types (Figs. 4, 8).  The three dominant species contributing most to the assemblage 
patterns on deep bank reefs are Paguristes cadenati, Paguristes grayi, and Stenopus hispidus (Table 2, Table A6). 
The bank reefs of the Florida Reef Tract occur on a well-developed outer-reef platform that slopes into 
deeper water (Goldberg 1973; Shinn et al. 1989).  Mollusks were most speciose in shallow bank reefs (Fig. 8), 
where water quality is better and more consistent than patch reefs, but wave energy is higher.  Wave energy 
decreases rapidly with depth, so most wave energy is concentrated near the shallow reef crest, resulting in a stressful 
environment (Huston 1985).  Grigg and Maragos (1974) found that coral diversity was highest at the most wave 
exposed stations of their study, which indicates that disturbance from chronic wave action may act to maintain 
diversity.  Many motile gastropods also prefer high energy zones.  One explanation for this is that they may be 
attracted to a particular prey characteristic of these habitats.  The carnivore guild dominated on the shallow bank 
reefs, with herbivores second most commonly represented (Fig. 15).  Several of these reef gastropod species are 
predacious molluscivores, some cannibalizing their own species, while others graze on epilithic, epi-endolithic, and 
shallow endolithic algae, which may be more abundant or more specific to their diet preference on shallow bank 
reefs having high wave action (Hutchings 1986).  The three dominant species contributing most to the assemblage 
patterns on shallow bank reefs are Paguristes cadenati, deltoid rock snail Vasula deltoidea, and Alpheus armatus 
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complex, which have crucial ecological roles as omnivores, and scavenging detritivores, and predators (Table 2, 
Table A3). 
The Southeast Florida Reef Complex is hardbottom habitat that occurs on three linear limestone outcrops 
that run parallel to the shoreline.  They are linear, low relief, broad platforms of octocorals and flat coral colonies 
that gradually slope seaward (Goldberg 1973; Banks et al. 2008) and are classified as a non-accreting complex of 
reefs (Banks et al. 2008; Walker 2012).  This habitat includes ledges, holes, and crevices in the limestone platform 
that provide structural complexity beneath the surface of the substrate. The reefs of the reef complex are not as 
rugose as patch reefs, but are still complex and support many species that are common to patch reefs (Fig. 14).  The 
outer reef is somewhat deeper and more rugged with spur and groove features (Walker 2012), which indicates 
former active reef development.  In this study, the reef complex was one of the most diverse reef types, despite its 
proximity to influences from shore, resulting in high turbidity, nutrient enrichment, and thus high cyanobacteria 
cover (Figs. 6, 8, 17).  Unique taxa of Echinodermata and Arthropoda were both significantly more diverse here than 
most of the other reef types (Fig. 8).  Those dominant taxa contributing to the assemblage on reef complexes were 
the red striped hermit Phimochirus holthuisi, Stomatopoda species, and Diadema antillarum (Table 2, Table A7).  
Diadema antillarum was among the most ubiquitous species in this study, occurring on every reef type, within every 
region, except for the Back Country, which supports reports that populations are recovering, albeit slowly 
(Chiappone et al. 2013). 
The Arthropoda are the most diverse phylum of living animals on Earth, so it is not a surprise that the 
arthropod fauna of the Florida Reef Tract was the richest of the phyla surveyed (Fig. 4).  Even though the molluscan 
bivalves were not included in this study because they are sessile, and the microgastropods (<10mm from spire to tip 
of siphonal canal) were also excluded because they are often interstitial and concealed, the Mollusca were still more 
diverse than the Echinodermata, which is also a good representation of how the fauna is probably divided in nature 
(Bouchet 2006).  Only three unique taxa of polychaete annelids were encountered despite the speciose character of 
the phylum because most are interstitial, nocturnal, cryptic, or sessile.   
Echinoderms are an ecologically important invertebrate phylum, despite being much less diverse than 
arthropods and mollusks (Uthicke et al. 2009).  Oddly, not a single species from the class Asteroidea (the starfish) 
was observed at any of the 40 sites surveyed in 2013 or in any of the surveys that were conducted on hardbottom 
coral reefs in 2011 and 2012 (Herrera et al. 2013; Ruzicka et al. 2013, in prep). 
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Figure 17. Qualitative observation of high cyanobacteria cover on the reef complex of Southeast Florida. 
 
The communities that were surveyed fit the criteria of a habitat type in which some starfish taxa could thrive, but 
were not found (Humann and DeLoach 1992; Hendler et al. 1995).  Starfish were reported historically within the 
bounds of the Florida Keys, several of which were associated with the specific coral reef community types: patch 
reefs and bank reefs (Herrera et al. 2013).  Starfish are recognized as cryptic and “rare” or “uncommon” on Florida 
coral reefs, so their absence from the surveys does not indicate their definitive absence from the region (Humann 
and DeLoach 1992).  It is possible, however, that marine life hobbyists/collectors are making an impact on their 
presence on reefs.  In 2012 alone, an estimate of 25,414 individuals of “starfish” were collected in the state of 
Florida for the commercial tropical ornamental trade, valued at $40,705 total (FWC 2013). 
Also, cowrie cypraeid gastropods and conch strombid gastropods were not as common at these sites as 
expected and a considerable number of “snails” were collected in the state for the commercial ornamental trade – 
over 3.3 million individuals (FWC 2003, Table A1).  Similarly, surprisingly few brachyuran, “true crabs” were 
observed during this survey (Table A1).  The brachyurans are an incredibly diverse taxonomic group, comprising 
about 43% of the arthropod species in the comparable dataset from Herrera et al. (2013).  The swimming crabs 
portunids, mud/rubble crabs xanthids, and hairy crabs pilumnids are particularly speciose brachyuran families that 
were mostly absent on these reefs.  While many of these species in Florida live primarily on soft bottoms and shell 
hash, still, some are known from hardbottom or coral-reef habitats (Herrera et al. 2013).  It has been noted that a 
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high number of true crabs can be an indication of increased primary productivity or eutrophication, so perhaps their 
low numbers is a good sign for reefs (Linton and Warner 2003).  An estimated 2,667,574 individuals of “crab” were 
collected in 2012 for the commercial tropical ornamental trade (FWC 2013).   
Species in the order Stomatopoda (mantis shrimp) are also used as bioindicators on reefs because they are 
sensitive to pollution – particularly, heavy oiling (Steger and Caldwell 1993; Erdmann and Caldwell 1997).  
Anomuran hermit crabs can be used as indicators of salinity levels (Dunbar et al. 2003).  Similar anomuran 
assemblages were observed on the reef sites in this study because salinity is consistently normal marine at all reef 
types.  However, the inshore hermit crab fauna is quite different from those in this study, in part, because of the 
lower salinity near shore due to more freshwater runoff. 
The study area as a whole is rather homogenous, with the exception of the Back Country region (Figs. 9, 
16).  The sites in the Back Country, which are in open bayside waters, are far from the freshwater influence of the 
Everglades and are also somewhat isolated from Atlantic waters (Tellier et al. 2008).  These sites were among the 
least diverse, but had a high percentage of fauna (33%) unique to the region compared to other regions of the Florida 
Reef Tract (Fig. 14, Table 1).  However, only two sites were surveyed, so more data are needed to statistically 
support the hypothesis of regional differences.  The dominant species contributing most to the assemblage are 
Arbacia punctulata, Leucozonia nassa, and Paguristes tortugae (Table 2, Table A5). 
The pinnacle patch reef in the Dry Tortugas named Davis Rock also revealed assemblage differences  (Fig. 
14).  Davis Rock and the Back Country hardbottom sites hosted most macroalgal cover of all sites during the survey 
(Fig. 18).  Similarly, the Coral Reef Evaluation and Monitoring Project (CREMP) reported that in 2010 Davis Rock 
had the highest macoalgal cover of all sites in the Dry Tortugas, and that in 2007-2008, Back Country reefs had 
higher macroalgal cover than other regions in the Florida Reef Tract (Ruzicka et al. 2010; Ruzicka et al. 2012).  As 
noted above, the highest proportion of herbivores was found on the Back Country reefs (Figs. 15, 16), which is 
consistent with the high macroalgal cover.  The Dry Tortugas and Southeast Florida also displayed a high number of 
herbivores, but not significantly higher than other regions or guild types (Fig. 18; p>0.05).  The negative correlation 
between herbivore diversity and scleractinian diversity is explained by the competition between zooxanthellate 
corals and macroalgae, and the association of herbivores with macroalgae (Paulay 1997; Fig. 10).   
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Figure 18. Qualitative observation of high macroalgal cover on reefs in the Back Country. 
 
Challenges of Comparing Invertebrate Diversity Datasets 
The community structure of sessile coral-reef fauna had previously been studied within the region (Levy et 
al. 1996; Moyer et al. 2003; Tellier et al. 2008), but the composition of mobile invertebrate assemblages associated 
with coral-reef communities of the Florida Reef Tract had not been thoroughly investigated until this study (Levy et 
al. 1996).  Several check-lists and field guides of the invertebrates of Florida, the Gulf of Mexico, and the Western 
Atlantic exist (Humann and DeLoach 1992; Hendler et al. 1995; Camp et al. 1998; Herrera et al. 2013), but there 
had not previously been any comprehensive studies investigating the faunal composition of specific hard bottom 
communities and reef types, or patterns of diversity associated within or between them. 
One of the major explanations for this data gap is that mobile invertebrate taxa are so diverse and cryptic 
(Fig. 12) that it is difficult to capture an accurate representation of their “true” diversity and assess their actual 
faunal assemblages on the reefs of Florida (Fig. 3).  Nevertheless, this study observed 22% of the conspicuous, 
mobile macroinvertebrate species listed in natural history museum collections acquired over the past 60 years from 
the Florida Reef Tract, plus an additional 17 taxa and one Infraorder (Herrera et al. 2013; Table A1). 
Also, this study recorded many of the same taxa as Levy et al. (1996), plus an additional 14 taxa that they 
did not list (Table A1).  Levy et al. (1996) also did not identify the helmet coral-snail Coralliophila galea, but 
instead listed the species, short coral-snail Coralliophila abbreviata, which is routinely misidentified in ecological 
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literature.  It is a gluttonous predator on scleractinian coral species and is, therefore, considered a pest by 
conservationists.  C.abbreviata was reported from the Caribbean following a misidentification by Kiener (1836).  
Coralliophila abbreviata (Lamarck, 1816) is actually a junior synonym of Coralliophila erosa (Röding, 1798), 
which is a species from the Indian Ocean.  Coralliophila galea is the valid name for Coralliophila abbreviata auct. 
non Lamarck, 1816, which is common in coral reef communities of Florida.  This issue is an example of one of the 
many taxonomic challenges when comparing invertebrate datasets for studies on diversity.  The taxonomic status of 
species is always in flux; species and higher level taxa are constantly being split, lumped, and revised; therefore, 
identifications must always be verified and updated to valid names as described by the International Code of 
Zoological Nomenclature (ICZN). 
There are several other reasons for the disparity between this study and previous studies (Levy et al. 1996; 
Riegl et al. 2008; Tellier et al. 2008; Herrera et al. 2013).  The natural history museum collections function as a 
repository of voucher specimens used for specific scientific research and, therefore, the faunal composition of the 
collection is often reflective of the specific project goals, as opposed to the true proportion of fauna in nature.  The 
Specimen Information Services (SIS) natural history collection of the Florida Reef Tract consists predominately of 
specimens from seven major historical research projects, such as the Tortugas Coral Project (1975-1976), the 
Broward County Beach Restoration Study (1980), and the Looe Key Spiny Lobster Study (1990).  Nevertheless, my 
study is comparable in terms of percent composition of phyla across the region to the SIS natural history collection 
(Fig. 19).  The main difference is that the SIS data show a higher proportion of molluscan species to arthropod 
species, which is likely because there has been more taxonomic interest and expertise in mollusk research compared 
to the other phyla. 
While some species are widespread, conspicuous, and readily recognizable in the field by distinctive form 
and color, others are not so straightforward.  Several taxa that were observed in this study are part of morphological 
species complexes and superficially resemble one another, but are genetically distinct, such as species of the 
Alpheus armatus complex and the clinging crabs Mithraculus spp. complex.  Diagnostic characters (i.e. traits that 
serve as a definitive indication of a taxon) can be so subtle, microscopic, and/or concealed in the reef framework that 
precise identification in-situ is not always possible.   
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Figure 19. Percentage distribution of epibenthic mobile invertebrate phyla from A) Herrera et al. 2013, and B) this 
study. 
 
These organisms require thorough laboratory examination (dissections and/or microscopic examination) of 
morphological features for accurate low-level identifications, so these species complexes were not identified to 
species in this study and left at a higher level of classification.  Identifications of specimens in natural history 
institutions are usually more precise than identifications made strictly in-situ, which is another factor contributing to 
the discrepancy between museum collections and field surveys.  Using a combination of both in-situ and ex-situ 
identifications provides the highest confidence. 
Some other factors contributing to the disparity include the habitat and microhabitat associated with each 
specimen, and the data collection method.  Many of the species recorded in Herrera et al. (2013) usually dwell on 
loose or soft substrates, intertidal or inshore communities, or border zones between coral communities and seagrass 
beds.  Also, several species are exceedingly small and camouflaged, and may have been collected after manipulating 
the substrate or macroalgal tufts.  My surveys were strictly visual and restricted to hardbottom habitats. 
The vast majority of unique taxa were observed in low frequencies in this study (at fewer than six sites, Fig. 
12), which not only indicates that invertebrates as a whole are very rich in species, but it also suggests that most taxa 
are exceedingly inconspicuous, cryptic, nocturnal, or rare.  In order to capture the most realistic picture of mobile 
invertebrate diversity, conducting additional surveys at each part of the day (night, dawn, and dusk) and during each 
season would be necessary.  Some species are crepuscular or nocturnal, so are hidden under sand or within the reef 
framework during the day.  Therefore, carrying out non-diurnal surveys would reveal a largely different fauna.  
34%
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A
42%
33%
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B
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There are also seasonal differences in size and conspicuousness of organisms.  Some invertebrate species display 
seasonal morphological variation according to their life history characteristics, and some species are less visible in 
seasons that bring cooler temperatures or higher macroalgal cover (Díaz-Pulido and Garzón-Ferreira 2002; 
Wolkenhauer 2008).  As time and area of the surveys increase, taxa discovery increases, so in addition to everything 
else mentioned, assessing more sites would reveal more species. 
This study can function as a baseline for future studies.  The degradation of coral reefs and consequently, 
the decline of associated mobile invertebrates is likely to continue (Pandolfi et al. 2003).  Naturalists and resource 
managers should be aware of the characteristic nature of reef types and the associated invertebrates, so changes in 
fauna can be detected and management can be implemented.  As scleractinian-dominated reefs transition to 
octocoral and macroalgal-dominant hardbottom communities (Done 1992; Hughes 1994; Jackson et al. 2001; 
Rogers and Miller 2006; Bruno et al. 2009; Dudgeon et al. 2010; Ruzicka et al. 2013), the mobile invertebrate fauna 
will undoubtedly change as well.  Frequent routine assessment of mobile invertebrates should be carried out to 
assess their status and to detect changes in diversity and community structure on the coral reefs of the Florida Reef 
Tract. 
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CONCLUSIONS 
 
1. Underwater surveys of presence/absence of mobile, epibenthic invertebrate fauna conducted in the summer 
of 2013 at 40 sites along the Florida Reef Tract from Broward County to the Dry Tortugas produced 618 
records of 116 unique taxa, 83 species, 61 genera, 46 families, 19 orders, seven classes, and four phyla.  
2. These taxa represent 22% of the comparable taxa in a historical dataset that spans 60 years, plus an 
additional 18 taxa. 
3. During the survey, novel unique taxa were encountered frequently, but were seldom recurrent, which 
highlights their cryptic nature.   
4. No regional patterns were identified in the study 
5. Assemblages of dominant taxa were characteristic of reef type:  
a. echinoderms were the most diverse on patch reefs and southeast Florida reef complexes, 
b. mollusks were most diverse on shallow bank reefs, and  
c. arthropods were diverse on deep bank reefs, Southeast Florida reef complexes, and shallow bank 
reefs.   
6. Diversity of herbivorous mobile invertebrates negatively correlated with scleractinian coral diversity, 
indicative of the association of herbivores with macroalgae.   
7. All of these results suggest that reef types are distinct, but interrelated communities of fauna having 
specific habitat requirements and important roles.    
8. Continued research and monitoring of mobile, epibenthic invertebrate fauna will be required to detect 
changes in their communities, which are essential for the conservation of Florida reef systems. 
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FUTURE RESEARCH 
 
1. For further monitoring on benthic invertebrates, the following modifications are recommended: 
a. Survey enough Back Country reef sites to determine significance. 
b. Survey Within every microhabitat (under sand, rocks, and within macroalgae). 
c. Add a seasonal and temporal component to the surveys to record those species that are 
crepuscular, nocturnal, and those that are more conspicuous in the non-summer months. 
d. Collect those taxa that are unidentifiable in-situ to the species-level for close examination in the 
lab. 
e. The sessile invertebrate fauna could be incorporated for a more exhaustive survey. 
2. The survey data could be combined with georeferenced museum collection data for a more complete 
picture of their spatial pattern. 
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APPENDICES 
 
Table A1.  List of unique taxa observed in each region and reef type with their higher level classification  (*Species 
not recorded in Herrera et al. 2013.  ǂSpecies not recorded in Levy et al. 1996) 
Taxon Phyluma Classb Orderc Family Regiond 
Reef 
typee 
Hermodice carunculata Annelida Polychaeta Amphinom. Amphinomidae 
MK  DT  LK  
UK  SF RC P SB 
Hesionidae Annelida Polychaeta Phyllodocida Hesionidae LK DB 
Terebellidae Annelida Polychaeta Terebellida Terebellidae LK DB 
Brachyura Arthrop. Malacost. Decapoda --------------------- LK DB 
Decapoda unknown Arthrop. Malacost. Decapoda --------------------- MK UK SB 
Paguroidea unknown Arthrop. Malacost. Decapoda --------------------- UK LK SF 
RC SB 
DB 
*Synalpheus cf. hemphilli Arthrop. Malacost. Decapoda Alpheidae LK DB 
Alpheidae unknown B Arthrop. Malacost. Decapoda Alpheidae SF RC 
Alpheidae unknown C Arthrop. Malacost. Decapoda Alpheidae MK SF RC DB 
Alpheus armatus complex Arthrop. Malacost. Decapoda Alpheidae 
UK MK DT 
LK SF 
RC P SB 
DB 
*Alpheus cf. heterochaelis Arthrop. Malacost. Decapoda Alpheidae UK P 
*Thalassinidea Arthrop. Malacost. Decapoda --------------------- SF UK MK RC P SB 
*Carpilius corallinus Arthrop. Malacost. Decapoda Carpiliidae LK DB 
Calcinus tibicen Arthrop. Malacost. Decapoda Diogenidae 
DT UK LK 
MK SF RC P SB 
Paguristes aff. grayi Arthrop. Malacost. Decapoda Diogenidae LK P SB 
Paguristes aff. tortugae Arthrop. Malacost. Decapoda Diogenidae SF RC 
Paguristes cadenati Arthrop. Malacost. Decapoda Diogenidae 
UK MK LK 
SF DT 
RC P SB 
DB 
Paguristes grayi Arthrop. Malacost. Decapoda Diogenidae 
UK MK LK 
SF BC 
RC P SB 
DB BC 
ǂPaguristes sericeus Arthrop. Malacost. Decapoda Diogenidae BC BC 
Paguristes tortugae Arthrop. Malacost. Decapoda Diogenidae 
SF UK MK 
LK DT BC 
RC P SB 
DB BC 
Petrochirus diogenes Arthrop. Malacost. Decapoda Diogenidae BC BC 
Pelia mutica Arthrop. Malacost. Decapoda Epialtidae DT DB 
ǂLysmata pederseni Arthrop. Malacost. Decapoda Hippolytidae MK LK DT P SB DB 
Thor amboinensis Arthrop. Malacost. Decapoda Hippolytidae SF LK DT RC P DB 
Podochela sp. Arthrop. Malacost. Decapoda Inachidae UK SB 
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Table A1. (Continued)  List of unique taxa observed in each region and reef type with their higher level 
classification  (*Species not recorded in Herrera et al. 2013.  ǂSpecies not recorded in Levy et al. 1996) 
Stenorhynchus seticornis Arthrop. Malacost. Decapoda Inachidae 
SF UK MK 
LK DT 
RC OD 
OS P 
Mithraculus cinctimanus Arthrop. Malacost. Decapoda Majidae DT P 
Mithraculus cf. forceps Arthrop. Malacost. Decapoda Majidae 
UK MK DT 
BC P SB BC 
ǂ*Mithraculus ruber Arthrop. Malacost. Decapoda Majidae UK SB 
Mithraculus sp. complex Arthrop. Malacost. Decapoda Majidae UK MK LK P SB DB 
Mithrax cf. hispidus Arthrop. Malacost. Decapoda Majidae LK P 
Mithrax cf. pleuracanthus Arthrop. Malacost. Decapoda Majidae MK LK BC P SB BC 
Mithrax spinosissimus Arthrop. Malacost. Decapoda Majidae UK P SB 
*Phimochirus holthuisi Arthrop. Malacost. Decapoda Paguridae 
SF UK MK 
LK BC 
RC SB 
DB BC 
*Phimochirus operculatus Arthrop. Malacost. Decapoda Paguridae 
SF UK MK 
LK RC P SB 
Ancylomenes pedersoni Arthrop. Malacost. Decapoda Palaemonidae 
SF UK MK 
LK DT 
RC P SB 
DB 
ǂ*Brachycarpus 
biunguiculatus Arthrop. Malacost. Decapoda Palaemonidae SF LK BC 
RC P DB 
BC 
Palaemonidae unknown Arthrop. Malacost. Decapoda Palaemonidae UK SB 
Periclemenes yucatanicus Arthrop. Malacost. Decapoda Palaemonidae 
SF UK LK 
DT 
RC P SB 
DB 
ǂ*Periclimenes cf. colesi Arthrop. Malacost. Decapoda Palaemonidae SF MK LK RC P DB 
Panulirus argus Arthrop. Malacost. Decapoda Palinuridae 
SF UK MK 
LK DT 
RC P SB 
DB 
*Panulirus guttatus Arthrop. Malacost. Decapoda Palinuridae LK P 
Panulirus sp. Arthrop. Malacost. Decapoda Palinuridae UK LK P 
Percnon gibbesi Arthrop. Malacost. Decapoda Percnidae UK P 
Porcellanidae Arthrop. Malacost. Decapoda Porcellanidae MK LK SB DB 
Stenopus hispidus Arthrop. Malacost. Decapoda Stenopodidae 
SF UK MK 
LK DT 
RC P SB 
DB 
ǂ*Domecia acanthophora Arthrop. Malacost. Decapoda Xanthidae UK LK SB 
ǂ*Heteromysis actiniae Arthrop. Malacost. Mysida --------------------- 
SF UK MK 
LK DT 
RC P SB 
DB 
Paguroidea unknown A Arthrop. Malacost. Decapoda --------------------- DT DB 
Paguroidea unknown B Arthrop. Malacost. Decapoda --------------------- LK P 
Stomatopoda Arthrop. Malacost. Stomatop. --------------------- 
SF UK MK 
LK DT 
RC P SB 
DB 
Stomatopoda unknown A Arthrop. Malacost. Stomatop. --------------------- MK LK SB 
Arbacia punctulata Echinod. Echinoidea Arbacioida Arbaciidae BC BC 
Echinometra lucunter Echinod. Echinoidea Camarodon. Echinometridae SF UK LK RC P SB 
Echinometra viridis Echinod. Echinoidea Camarodon. Echinometridae 
SF UK MK 
LK DT BC 
RC P DB 
BC 
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Table A1. (Continued)  List of unique taxa observed in each region and reef type with their higher level 
classification  (*Species not recorded in Herrera et al. 2013.  ǂSpecies not recorded in Levy et al. 1996) 
Lytechinus variegatus Echinod. Echinoidea Camarodon. Toxopneustidae BC BC 
Tripneustes ventricosus Echinod. Echinoidea Camarodon. Toxopneustidae UK P 
Eucidaris tribuloides Echinod. Echinoidea Cidaroida Cidaridae 
SF UK MK 
LK DT 
RC P SB 
DB 
Diadema antillarum Echinod. Echinoidea Diademat. Diadematidae 
SF UK MK 
LK DT 
RC P SB 
DB 
Actinopyga agasizzii Echinod. Holothur. Aspidochir. Holothuriidae UK MK LK P SB 
ǂHolothuria mexicana Echinod. Holothur. Aspidochir. Holothuriidae UK P 
Holothuria thomasi Echinod. Holothur. Aspidochir. Holothuriidae SF UK MK RC P DB 
Isostichopus badionotus Echinod. Holothur. Aspidochir. Stichopodidae LK BC P BC 
ǂOcnus sp. Echinod. Holothur. Dendrochir. Cucumariidae SF RC 
Ophiuroidea unknown Echinod. Ophiur. ----------------- --------------------- 
SF MK LK 
DT 
RC P SB 
DB 
Astrophyton muricatum Echinod. Ophiur. Euryalida Gorgonocephalidae SF LK DT RC P SB 
Ophiocoma echinata Echinod. Ophiur. Ophiurida Ophiocomidae SF LK RC P 
Ophiocoma sp. Echinod. Ophiur. Ophiurida Ophiocomidae 
UK MK LK 
DT P SB DB 
Ophiocoma sp. A Echinod. Ophiur. Ophiurida Ophiocomidae SF UK RC P 
Ophiocoma wendtii Echinod. Ophiur. Ophiurida Ophiocomidae 
SF MK LK 
DT RC P 
Ophioderma cf. rubicunda Echinod. Ophiur. Ophiurida Ophiodermatidae SF LK RC P 
*Ophioderma guttatum Echinod. Ophiur. Ophiurida Ophiodermatidae MK P 
Ophioderma sp. Echinod. Ophiur. Ophiurida Ophiodermatidae UK MK LK P DB 
Ophioderma sp. A Echinod. Ophiur. Ophiurida Ophiodermatidae UK P 
Ophiothrix lineata Echinod. Ophiur. Ophiurida Ophiotrichidae SF RC 
Ophiothrix oerstedii Echinod. Ophiur. Ophiurida Ophiotrichidae UK MK LK P DB 
Ophiothrix sp. Echinod. Ophiur. Ophiurida Ophiotrichidae 
SF UK MK 
LK DT RC P DB 
Ophiothrix suensonii Echinod. Ophiur. Ophiurida Ophiotrichidae 
SF MK LK 
DT 
RC P SB 
DB 
Octopus sp. Mollusca Cephalop. Octopoda Octopodidae MK SB 
Octopus vulgaris Mollusca Cephalop. Octopoda Octopodidae UK DB 
Gastropoda unknown A Mollusca Gastropoda ----------------- ---------------------- UK SB 
Gastropoda unknown B Mollusca Gastropoda ----------------- ---------------------- MK DB 
Gastropoda unknown C Mollusca Gastropoda ----------------- ---------------------- UK SB 
Gastropoda unknown D Mollusca Gastropoda ----------------- ---------------------- UK P 
Calliostoma jujubinum Mollusca Gastropoda Tax. Unres. Calliostomatidae UK SB 
ǂCerithium attratum Mollusca Gastropoda Tax. Unres. Cerithiidae MK DT DB 
ǂCerithium guinaicum Mollusca Gastropoda Tax. Unres. Cerithiidae SF UK DT RC P 
Cerithium litteratum Mollusca Gastropoda Tax. Unres. Cerithiidae 
SF UK MK 
LK DT BC 
RC P SB 
DB BC 
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Table A1. (Continued)  List of unique taxa observed in each region and reef type with their higher level 
classification  (*Species not recorded in Herrera et al. 2013.  ǂSpecies not recorded in Levy et al. 1996) 
Cerithium sp. A Mollusca Gastropoda Tax. Unres. Cerithiidae SF UK RC P 
Lithopoma americanum Mollusca Gastropoda Tax. Unres. Turbinidae 
SF UK LK 
DT 
RC P SB 
DB 
Lithopoma caelatum Mollusca Gastropoda Tax. Unres. Turbinidae UK LK SB 
Macrocypraea cervus Mollusca Gastropoda Littorin. Cypraeidae SF RC 
Erosaria acicularis Mollusca Gastropoda Littorin. Cypraeidae MK SB 
Cyphoma gibbosum Mollusca Gastropoda Littorin. Ovulidae MK LK P SB 
Simnia sp. Mollusca Gastropoda Littorin. Ovulidae SF RC 
Lobatus costatus Mollusca Gastropoda Littorin. Strombidae BC BC 
Lobatus gigas Mollusca Gastropoda Littorin. Strombidae MK LK SB DB 
Conus cf. daucus Mollusca Gastropoda Neogast. Conidae UK DB 
Conus regius Mollusca Gastropoda Neogast. Conidae UK DB 
Cinctura hunteria Mollusca Gastropoda Neogast. Fasciolariidae LK P 
Fasciolariidae Mollusca Gastropoda Neogast. Fasciolariidae UK MK SB 
Leucozonia nassa Mollusca Gastropoda Neogast. Fasciolariidae 
SF UK MK 
LK DT BC 
RC P SB 
DB BC 
Triplofusus giganteus Mollusca Gastropoda Neogast. Fasciolariidae UK MK DT SB P 
Coralliophila galea Mollusca Gastropoda Neogast. Muricidae 
UK MK LK 
DT SB P 
Vasula deltoidea Mollusca Gastropoda Neogast. Muricidae UK MK LK SB DB 
Morula nodulosa Mollusca Gastropoda Neogast. Muricidae SF UK RC SB 
*Murexsul oxytatus Mollusca Gastropoda Neogast. Muricidae 
SF UK MK 
LK DT RC P SB 
Muricidae unknown A Mollusca Gastropoda Neogast. Muricidae UK MK P SB 
Stramonita cf. rustica Mollusca Gastropoda Neogast. Muricidae MK P SB 
Vasum muricatum Mollusca Gastropoda Neogast. Turbinellidae 
SF UK MK 
LK 
RC P SB 
DB 
*Risbecia nyalya Mollusca Gastropoda Nudibranch. Chromodorididae MK SB 
ǂ*Felimare olgae Mollusca Gastropoda Nudibranch. Chromodorididae SF RC 
*Felimare kempfi Mollusca Gastropoda Nudibranch. Chromodorididae SF RC 
ǂ*Polycera sp. undet. Mollusca Gastropoda Nudibranch. Polyceridae UK DB 
ǂTritonia hamnerorum Mollusca Gastropoda Nudibranch. Tritoniidae MK LK SB 
Elysia crispata Mollusca Gastropoda Sacoglossa Plakobranchidae UK LK DT P SB 
aArthrop. = Arthropoda, Echinod. = Echinodermata; bMalacost. = Malacostraca, Holothur. = Holothuroidea, Ophiur. = 
Ophiuroidea, Cephalop. = Cephalopoda; cAmphinom. = Amphinomida, Stomatop. = Stomatopoda, Camarodon. = 
Camarodonta, Diademat. = Diadematoida, Aspidochir. = Aspidochirotida, Dendrochir. = Dendrochirotida, Tax. Unres. 
= Taxonomically Unresolved, Littorin. = Littorinimorpha, Neogast. = Neogastropoda, Nudibranch. = Nudibranchia; 
dSF = The Continental Southeast Florida Region, UK = The Upper Keys Region,  MK = The Middle Keys Region, LK = 
The Lower Keys Region, DT = The Dry Tortugas Region,  BC = The Back Country Region; eRC = Southeast Florida Reef 
Complex, P = Patch/Pinnacle Reef, SB = Shallow Bank Reef, DB = Deep Bank Reef, BC = Back Country Reef. 
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Table A2. Accumulation curve formulas and R2 values 
Type Formula R² 
Unique Taxa y = 32.5ln(x) - 11.6 0.941 
Species y = 21.1ln(x) - 2.33 0.971 
Genus y = 13.5ln(x) + 5.65 0.986 
Family y = 11.3ln(x) + 4.66 0.977 
Order y = 4.16ln(x) + 3.94 0.949 
Arthropoda y = 14.7ln(x) - 6.16 0.918 
Mollusca y = 10.3ln(x) - 5.22 0.912 
Echinodermata y = 6.84ln(x) - 0.303 0.963 
Patch Reefs y = 21.0ln(x) + 4.06 0.865 
Bank Reefs y = 27.0ln(x) + 0.781 0.965 
 
 
 
 
 
 
Table A3. Similarity Percentage (SIMPER) analysis results - Taxa responsible for habitat clustering in Shallow Bank 
Reefs (+also known to feed on algae; °from sources that determined diet ex-situ) 
Unique Taxa Av. Abundance Av. Similarity Sim/SD %Contrib. %Cumulative Guild 
Paguristes cadenati 0.91 5.39 1.88 15.6 15.6 Omnivore 
Vasula deltoidea 0.82 4.02 1.3 11.7 27.3 Carnivore+ 
Alpheus armatus 0.73 3.49 0.96 10.1 37.4 Detritivore 
Eucidaris tribuloides 0.73 3.01 1 8.73 46.2 Herbivore 
Paguristes grayi 0.64 2.4 0.76 6.96 53.1 Unknown 
Phimochirus holthuisi 0.55 1.67 0.6 4.84 58.0 Herbivore° 
Paguristes tortugae 0.55 1.59 0.6 4.6 62.6 Omnivore 
Calcinus tibicen 0.55 1.51 0.6 4.38 67.0 Detritivore 
Domecia acanthophora 0.45 1.06 0.47 3.08 70.0 Detritivore 
Leucozonia nassa 0.45 1.02 0.47 2.95 73.0 Carnivore 
Vasum muricatum 0.45 0.96 0.47 2.79 75.8 Carnivore 
Hermodice carunculata 0.36 0.83 0.34 2.41 78.2 Carnivore 
Mithraculus sp. 0.36 0.71 0.35 2.06 80.2 Variable 
Stenorhynchus seticornis 0.36 0.68 0.34 1.98 82.2 Detritivore° 
Diadema antillarum 0.36 0.6 0.35 1.75 84.0 Herbivore 
Ophiocoma sp. 0.36 0.58 0.35 1.7 85.7 Variable 
Panulirus argus 0.36 0.58 0.35 1.7 87.4 Omnivore 
Decapoda unknown 0.27 0.46 0.23 1.33 88.7 Variable 
Lithopoma americanum 0.27 0.39 0.23 1.14 89.8 Herbivore 
Coralliophila galea 0.27 0.37 0.23 1.07 90.9 Carnivore 
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Table A4.  Similarity Percentage (SIMPER) analysis - Taxa responsible for habitat clustering in Patch Reefs (°from 
sources that determined diet ex-situ) 
Unique Taxa Av. Abundance Av. Similarity Sim/SD %Contrib. %Cumul. Guild 
Stenorhynchus seticornis 0.79 4.31 1.16 12.5 12.5 Detritivore° 
Alpheus armatus 0.79 4.21 1.16 12.2 24.8 Detritivore 
Paguristes tortugae 0.79 3.93 1.21 11.4 36.2 Omnivore 
Echinometra viridis 0.71 3.21 0.97 9.32 45.5 Herbivore 
Panulirus argus 0.64 2.76 0.78 8.02 53.5 Omnivore 
Eucidaris tribuloides 0.64 2.54 0.8 7.39 60.9 Herbivore 
Paguristes cadenati 0.57 2.1 0.66 6.1 67.0 Omnivore 
Diadema antillarum 0.57 2.01 0.66 5.84 72.8 Herbivore 
Murexsul oxytatus 0.5 1.52 0.54 4.41 77.3 Carnivore 
Periclemenes yucatanicus 0.36 0.83 0.34 2.42 79.7 Detritivore 
Ancylomenes pedersoni 0.36 0.71 0.35 2.08 81.8 Detritivore 
Calcinus tibicen 0.36 0.69 0.35 2 83.8 Detritivore 
Ophiocoma wendtii 0.36 0.67 0.35 1.94 85.7 Susp. feeder 
Ophiothrix oerstedii 0.29 0.44 0.26 1.28 87.0 Detritivore 
Cerithium litteratum 0.29 0.43 0.26 1.26 88.2 Herbivore 
Phimochirus operculatus 0.29 0.41 0.26 1.18 89.4 Detritivore° 
Astrophyton muricatum 0.29 0.41 0.26 1.18 90.6 Susp. feeder 
Susp. feeder = Suspension feeder 
 
 
 
Table A5. Similarity Percentage (SIMPER) analysis - Species responsible for habitat clustering in Back Country reefs 
Species Av. Abundance Av. Similarity Sim/SD %Contrib. %Cumulative Guild 
Arbacia punctulata 1 11.11 ###### 33.3 33.3 Herbivore 
Leucozonia nassa 1 11.11 ###### 33.3 66.7 Carnivore 
Paguristes tortugae 1 11.11 ###### 33.3 100 Omnivore 
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Table A6. Similarity Percentage (SIMPER) analysis - Species responsible for habitat clustering in Deep Bank Reefs 
(°from sources that determined diet ex-situ) 
Species Av. Abundance Av. Similarity Sim/SD %Contrib. %Cumulative Guild 
Paguristes cadenati 1 6.24 11.8 13.8 13.8 Omnivore 
Paguristes grayi 0.86 4.5 1.52 9.92 23.7 Unknown 
Stenopus hispidus 0.86 4.5 1.52 9.92 33.6 Detritivore° 
Stenorhynchus seticornis 0.86 4.5 1.52 9.92 43.5 Detritivore° 
Ancylomenes pedersoni 0.86 4.4 1.52 9.72 53.2 Detritivore 
Lysmata pederseni 0.86 4.35 1.53 9.61 62.8 Detritivore° 
Ophiothrix suensonii 0.71 2.96 0.93 6.52 69.4 Susp. feeder 
Alpheus armatus 0.71 2.81 0.93 6.2 75.6 Detritivore 
Stomatopoda 0.57 1.83 0.61 4.03 79.6 Carnivore 
Paguristes tortugae 0.57 1.72 0.61 3.79 83.4 Omnivore 
Heteromysis actiniae 0.57 1.69 0.62 3.72 87.1 Detritivore 
Diadema antillarum 0.43 0.96 0.4 2.11 89.2 Herbivore 
Phimochirus holthuisi 0.43 0.88 0.4 1.93 91.2 Herbivore° 
Susp. feeder = suspension feeder 
 
 
 
 
Table A7. Similarity Percentage (SIMPER) analysis - Species responsible for habitat clustering in Southeast 
Florida Reef Complex (°from sources that determined diet ex-situ) 
Species Av. Abundance Av. Similarity Sim/SD %Contrib. %Cumul. Guild 
Phimochirus holthuisi 0.83 3.99 1.31 10.5 10.5 Herbivore° 
Stomatopoda 0.83 3.94 1.31 10.4 20.8 Carnivore 
Diadema antillarum 0.83 3.72 1.31 9.76 30.6 Herbivore 
Paguristes cadenati 0.83 3.72 1.31 9.76 40.4 Omnivore 
Eucidaris tribuloides 0.83 3.62 1.32 9.5 49.9 Herbivore 
Ophiothrix suensonii 0.67 2.35 0.78 6.17 56.0 Susp. feeder 
Stenorhynchus seticornis 0.67 2.21 0.77 5.81 61.8 Detritivore° 
Thalassinidea 0.67 2.06 0.78 5.41 67.2 Variable 
Alpheus armatus 0.5 1.26 0.48 3.31 70.6 Detritivore 
Ancylomenes pedersoni 0.5 1.26 0.48 3.31 73.9 Detritivore 
Astrophyton muricatum 0.5 1.26 0.48 3.31 77.2 Susp. feeder 
Thor amboinensis 0.5 1.16 0.48 3.05 80.2 Detritivore° 
Echinometra viridis 0.5 1.03 0.48 2.71 83.0 Herbivore 
Cerithium litteratum 0.5 0.91 0.48 2.39 85.3 Herbivore 
Murexsul oxytatus 0.5 0.91 0.48 2.39 87.7 Carnivore 
Heteromysis actiniae 0.33 0.48 0.26 1.25 89.0 Detritivore 
Paguristes grayi 0.33 0.4 0.26 1.06 90.0 Unknown 
Susp. feeder = Suspension feeder 
 
